Abstract. Lysosomal protein transmembrane 4β (LAPTM4B) is an oncogene that is overexpressed in a number of various types of human cancer. There are two known alleles of LAPTM4B: LAPTM4B*1 and LAPTM4B*2. The present study assessed the association between LAPTM4B polymorphisms and the susceptibility to diffuse large B-cell lymphoma (DLBCL) and its prognosis. LAPTM4B genotypes were determined using polymerase chain reaction analysis in 164 DLBCL and 350 healthy control cases. The association between LAPTM4B polymorphisms and the risk of DLBCL was analyzed using unconditional logistic regression. Differences in patient survival were calculated using Kaplan-Meier analysis. The present study indicated no significant differences (P>0.05) in the frequency of LAPTM4B*2 alleles between DLBCL cases (26.5%) and controls (24.1%). The risk of DLBCL was slightly increased in cases with the LAPTM4B*1/2 genotype [odds ratio (OR)=1.160; 95% confidence interval (CI)=0.781-1.724] or the LAPTM4B*2/2 genotype (OR=1.446; 95% CI=0.648-3.227) compared with those with the LAPTM4B*1/1 genotype. There was no significant association between the presence of the LAPTM4B*2 allele and overall survival (OS) and disease-free survival (DFS) in patients with DLBCL (P=0.399 and 0.520, respectively). However, there was a tendency for patients with LAPTM4B*2 and International Prognostic Index (IPI) score 3-5 to have longer OS and DFS (P=0.126 and 0.109, respectively). These findings suggest that genetic polymorphisms of LAPTM4B is not a risk factor for the development of DLBCL, but the LAPTM4B*2 allele may a better prognostic indicator in patients with IPI score 3-5 in DLBCL.
Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of non-Hodgkin lymphoma (NHL), constituting up to 40% of all cases globally (1) . DLBCL is a highly heterogeneous disease. The standard front-line therapy for DLBCL, which includes rituximab plus cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP), has improved the survival rate of DLBCL patients (2) . However, ~33% of DLBCL patients have relapsed or refractory type of disease, which was reported by Sehn et al (2) in the province of British Columbia in 2005, and the molecular mechanism underlying DLBCL development remains to be fully understood (2) (3) (4) . Although certain indicators may assist in predicting prognosis in patients with DLBCL, including the International Prognostic Index (IPI) score, MYC proto-oncogene, and tumor location (5-7), the development of novel biomarkers for estimating the efficacy of therapeutic strategies and prognosis is required.
LAPTM4B exists as two alleles: LAPTM4B*1 with one 19 bp segment (GenBank accession no. AY219176) and LAPTM4B*2 with two tandem repeat segments (GenBank accession no. AY219177) in the 5' untranslated region of exon 1 (8) . Previous studies have demonstrated that LAPTM4B polymorphisms were associated with susceptibility to multiple types of cancer, including lung, breast, gastric, colon, ovarian and primary liver cancer (9) (10) (11) (12) (13) (14) (15) (16) , which suggested that LAPTM4B*2 may be associated with a significantly increased risk of developing these types of cancer. LAPTM4B*2 was also associated with poor prognosis in patients with hepatocellular, Association between LAPTM4B gene polymorphism and susceptibility to and prognosis of diffuse large B-cell lymphoma (17) (18) (19) . To the best of our knowledge, no study has previously reported on the association between LAPTM4B polymorphisms and clinical data on DLBCL. The present study evaluated whether LAPTM4B polymorphisms were associated with the susceptibility to and prognosis of DLBCL. DNA extraction. Blood samples were obtained from all patients with DLBCL prior to genetic analysis. Genomic DNA was extracted from peripheral-blood mononuclear cells using a blood genomic DNA extraction kit according to the manufacturer's protocol (BioTeke Corporation, Beijing, China). The genomic DNA was subsequently dissolved in Tris-EDTA buffer and stored at -80˚C.
Materials and methods

Patients
Polymerase chain reaction (PCR) analysis. The genomic DNA (30 ng/20 µl) was amplified using GoTaq DNA polymerase (Promega Corporation, Madison, WI, USA) and primers forward, 5'-GCC GAC TAG GGG ACT GGC GGA-3' and reverse, 5'-CGA GAG CTC CGA GCT TCT GCC-3' which correspond to the 72-92 and 255-275 bp of LAPTM4B, respectively (8) . GAPDH was used as the positive internal control in the present study, with the following primers: Forward, 5'-GTC TGC CCT AAT TAT CAG GTC CA-3' and reverse, 5'-CCT GGC TCC TGG CAT CTC T-3'. PCR reaction conditions were set using a thermo cycler (Gene Cycler™; Bio-Rad Laboratories, Inc., Hercules, CA, USA) as follows: Denaturation at 94˚C for 2 min, followed by 35 cycles at 94˚C for 30 sec, at 65˚C for 30 sec, and at 72˚C for 30 sec. The last cycle was followed by auto-extension at 72˚C for 7 min. The amplified products were subsequently analyzed using electrophoresis on a 10% polyacrylamide or 2% agarose gel. Visualization was performed using GelRed (Biotium, Hayward, CA, USA). All samples are repeated by two independent PCR analysis. The DNA fragments were purified using the AxyPrep DNA Gel Extraction kit according to the manufacturer's protocol (Axygen Scientific, Inc., Union City, CA, USA). The purified products were sequenced using an ABI 3730XL Avant Genetic analyzer (Applied Biosystems; Thermo Fisher Scientific, Inc., Waltham, MA, USA), according the manufacturer's protocol. The sequences were subsequently analyzed using Seqman software DNASTAR version 5.2 (DNASTAR Inc., Madison, WI, USA).
Statistical analysis. Statistical analysis was performed using SPSS 16.0 software (SPSS, Inc., Chicago, IL, USA). The χ 2 test or the Fisher's exact test was used to calculate genotype frequency (including Hardy-Weinberg equilibrium) and other clinical parametric distributions between DLBCL and control cases. Unconditional logistic regression analysis models were used to assess the association, adjusted by age and sex, between different genotypes and cancer risks.
The clinical characteristics and response rate of the patients were compared using the χ 2 test or the Fisher's exact test according to the different genotypes. The association between LAPTM4B gene polymorphism and overall survival (OS) and disease-free survival (DFS) was evaluated using Kaplan-Meier curves and the log-rank test. All statistical tests were two-sided. P<0.05 was considered to indicate a statistically significant difference.
Results
LAPTM4B genotypes in patients with DLBCL.
Using PCR analysis, the present study identified four different LAPTM4B polymorphisms: LAPTM4B*1/1, LAPTM4B*2/2, LAPTM4B*1/2 and LATPM4B*1/3. As indicated in Fig. 1 , a 204 bp fragment is encoded by LAPTM4B*1/1, and a 223-bp fragment is encoded by LAPTM4B*2/2. LAPTM4B*1/2 and LAPTM4B*1/3 are heterozygous. The 204 bp and 223-bp fragments were both detected in LAPTM4B*1/2. The 204 and 242 bp fragments were observed in two individuals with LAPTM4B*1/3.
The present study detected a significant difference in the distribution of DLBCL between male and female patients (P<0.002; Table I ). No significant differences in allele frequency were identified between the DLBCL and control cases (Table II) . In the 350 controls, the frequency of the LAPTM4B*2 allele was 24.1%, whereas the frequency in patients with DLBCL was 26.5%.
The distribution of LAPTM4B genotypes in control and DLBCL cases are displayed in Table III . The genotype frequencies for the polymorphism were in agreement with the Hardy-Weinberg equilibrium (P=0.898). No significant differences in the distribution of LAPTM4B*1/2 and LAPTM4B*2/2 genotypes when compared with LATPM4B*1/1 were detected between the DLBCL and control cases (P= 0.462 and P= 0.368, respectively). The odds ratios of LATPM4B*1/2 and LATPM4B*2/2 genotypes in patients with DLBCL compared with patients with LATPM4B*1/1 is 1.160-fold (95% CI= 0.781-1.724) and 1.446-fold (95% CI= 0.648-3.227), respectively.
LAPTM4B genotypes and clinicopathological parameters in DLBCL.
The present study also assessed the distribution of clinical parameters, including age and sex, among different LAPTM4B genotypes in patients with DLBCL (Table IV) . There were no statistically significant associations between the genotype distribution of LAPTM4B in patients with DLBCL and clinicopathological parameters (Table IV) . Associations between LATPM4B genotypes and prognosis of patients with DLBCL. In the present study, follow-up data ranging from 3.9-94.8 months (mean, 50.5 months) was obtained for 129 patients with DLBCL. At the end date of the follow-up, a total of 93 patients survived and 36 succumbed to disease. Survival analysis was conducted in the 129 patients to examine the effect of LATPM4B polymorphism on the prognosis of patients with DLBCL. Kaplan-Meier analysis and log-rank test indicated that LAPTM4B * 2 was not associated with decreased OS and DFS (P= 0.399 and P= 0.520, respectively). However, patients with the LAPTM4B*2 genotype and IPI score 3-5 (n=40) tend to exhibit longer durations of OS and DFS compared with patients with the LAPTM4B*1 genotype (P=0.126 and 0.109, respectively; Fig. 2) .
Discussion
The present study demonstrated that the presence of the LAPTM4B*2 allele was not associated with a markedly increased risk of developing DLBCL compared with LAPTM4B*1. However, in patients with IPI score 3-5, a significantly increased risk of developing DLBCL was identified in patients with the LAPTM4B*2/2 genotype compared with those that exhibited the LAPTM4B*1/1 genotype. A total of three tandem repeats comprising 19 bp segments were detected in 2/164 of the patients with DLBCL. Furthermore, patients with DLBCL that exhibited LAPTM4B*2 had a tendency to Table IV . Association between the distribution of LAPTM4B genotypes and clinicopathological parameters in DLBCL cases. have increased durations of OS and DFS compared with those with LAPTM4B*1, particularly those that also exhibited IPI score 3-5. To the best of our knowledge, the present study is the first to demonstrate, albeit not statistically, that LAPTM4B*2 is a more useful prognostic indicator for DLBCL compared with LAPTM4B*1. However, this finding is not consistent with the results of previous studies, including those assessing hepatocellular carcinoma, lung and breast cancer (17, 18, 21) .
LAPTM4B genotypes ------------------------------------------
LAPTM4B has two known protein isoforms: LAPTM4B-24 (226 aa) and LAPTM4B-35 (317 aa) (22) . Previous studies have indicated that LAPTM4B-35 is able to activate the binding of phosphoinositide 3-kinase (PI3K)/protein kinase B (Akt) to p85α subunits, and thereby facilitate cancer cell multidrug resistance and inhibit apoptosis (23). Liu et al (22, 24) (25) (26) (27) (28) . However, a recent report demonstrated that the LAPTM4B-24 isoform was able to stimulate mechanistic target of rapamycin complex (mTORC)1 through vacuolar-type H + -ATPase via the influx of leucine resulting from the binding of LAT1-4F2hc to lysosomes (29) . LAPTM4B-24 may also promote cell growth and proliferation and regulate immune responses by decreasing transforming growth factor β1 production in human regulatory T cells (29, 30) .
Although as aforementioned there are two known isoforms of LAPTM4B, the present study suggested that another isoform may exist due to the LAPTM4B*2 allele. The 19 bp difference in the first exon of LAPTM4B between LAPTM4B*1 and LAPTM4B*2 may alter the open reading frame, thereby resulting in two different protein isoforms: LAPTM4B-35 and LAPTM4B-40 (8, 17) . Previous studies have demonstrated that LAPTM4B polymorphisms were associated with an increased risk of multiple types of cancer, including ovarian, breast and gallbladder cancer (13, 31, 32) . These findings suggest that the 19 bp sequence may serve an important function in transcriptional regulation, or a different protein isoform encoded by LAPTM4B*2 may affect cancer cell function (8).
Yang et al (17) indicated that LAPTM4B*2 was associated with tumor recurrence and poor histopathological differentiation, and is an independent prognostic factor in hepatocellular carcinoma. Other studies have reported similar results for lung cancer, and endometrial and gallbladder carcinoma (18, 19, 32) .
In the present study, the LAPTM4B*2 allele was not associated with a significantly increased risk of developing DLBCL, and there was no significant association with survival in patients with DLBCL. However, there was a tendency for patients with LAPTM4B*2 to have improved OS and DFS compared with patients with LAPTM4B*1 in DLBCL, and this pattern was more evident in cases with IPI score 3-5.
The 19 bp sequence may serve a crucial role in transcriptional regulation, including binding with transcription factors, microRNAs or non-coding linker RNA in patients with DLBCL, which discriminates its function with that of other types of cancer, including hepatocellular carcinoma (15, 17) . Therefore, the different LAPTM4B protein isoforms may have diverse functions in patients with LAPTM4B*2 compared with those with LAPTM4B*1 in DLBCL. The results of the present study on LAPTM4B alleles in patients with DLBCL may provide additional evidence that different LAPTM4B protein isoforms could serve multiple functions. For example, it was previously reported that LAPTM4B-35 may activate the PI3 K/Akt signaling pathway, and LAPTM4B-24 may activate mTORC1 (23, 29) . Identifying the isoform that predominates in the induction of the 19 bp sequence in various types of cancer should be investigated in further studies.
The present study assessed the association between LAPTM4B polymorphisms and prognosis of patients with DLBCL. It was indicated that LAPTM4B*2 may be a more useful prognostic indicator for DLBCL compared with LAPTM4B*1, particularly in cases with IPI score 3-5 compared with IPI score 0-2 (although this trend was not statistically significant). IPI is a crucial indicator for selecting the appropriate therapeutic strategies in DLBCL. In DLBCL, patients with IPI score 0-2 have good prognosis with the rate of 5-year survival reaching 80% (33) . In the present study, the lack of association between LAPTM4B*2 allele and survival of patients with IPI score 0-2 may be due to the small number of cases in the present study. However, there is a poor rate of 5-year survival (<50%) following the standard R-CHOP treatment in patients with IPI score 3-5 (33) . LAPTM4B*2 allele may be a good indicator for patients with IPI score 3-5 and may be used to guide clinical therapy to reduce unnecessary drug treatment.
